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INTRODUCTION 
The porcine stress syndrome (PSS) is an hereditary 
disorder of skeletal muscle in which an animal is unable to 
adapt to stress conditions. It has been described as a con­
dition that most often affects pigs at or near market weight 
when the stressors associated with mixing and sorting most 
commonly occur (Ball et al., 1972; Hall, 1972; Christian, 
1972). Losses due to the syndrome, however, have been re­
ported in 8-10 week old and even in adult animals (Eldik, 
1975; Eikelenboom and Minkema, 1974). The condition is char­
acterized by sudden death, usually preceded by rigidity of 
muscles, increased heart rate, open mouth respiration, ele­
vated body temperature and blotchy cyanosis of the skin 
(Rasmusen and Christian, 1975). Rigor mortis occurs promptly 
after death. Susceptible individuals usually show heavy 
muscle structure, compact conformation and low backfat thick­
ness (Mabry, 1977). 
The objective of many pork producers is to produce lean 
animals with a high percentage of muscle. Thus, they may be 
selecting animals susceptible to PSS as breeding stock. PSS 
seems to appear after stressful situations such as handling, 
fighting or halothane anesthesia (Topel et al., 1968; Ball 
et al., 1972; Christian, 1975). 
PSS is generally associated with low meat quality. 
Bicknell (1968), Topel et al. (1968), and Schmidt et al. 
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(1971) found muscles of PSS animals to be extremely pale, 
soft and exudative (FSE). The incidence of PSS was reported 
by Livestock Conservation, Inc. (1971). They showed that 
36% of U.S. hog producers had experienced PSS problems in 
their pigs. The affected herds accounted for nearly half 
(44%) of the U.S. total market hog production. 
Economic losses due to PSS occur at both the producer 
and meat packer level. Hall (1972) estimated 3% to 5% of 
all market hogs die before reaching slaughter size due to PSS. 
He also reported that 18% of all carcasses were PSE, with 
losses of about 2% to 10% due to excess shrinkage and low 
yields. The combined effects of death loss and low product 
yield of the PSS animals results in an estimated loss to the 
U.S. pork industry of between 230 and 320 million dollars 
annually. 
Briskey (1964) estimated the monetary loss to the meat 
packing industry due to PSE muscle to reach millions of 
dollars. Carlson (1978) reported the total economic loss 
due to PSS-PSE complex to be between 387 and 536 million 
dollars in 1976. 
Due to the importance of the problem, PSS has received a 
considerable amount of research. Some authors (Christian, 
1974; Minkema et al., 1976; Webb and Smith, 1976; Mabry, 1977; 
Smith and Bampton, 1977) have found PSS susceptibility to be 
controlled by a single autosomal recessive gene. If such is 
the case, detecting carriers of the condition would be the 
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only way to rid the pork industry of the problem. 
The present study was carried out to compare the carcass 
and performance characteristics of animals known to be 
carriers of the defective gene with their susceptible and 
noncarrier littermates. 
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LITERATURE REVIEW 
Most investigators believe that the PSS condition existed 
prior to the 1950s, but were confused with other entities such 
as "Herztod" (Ball et al., 1972). The first report describ­
ing what was almost certain to be PSE was in 1953 when 
Ludvigsen described what he referred to as "muscular dégénéra- , 
tion" in pigs slaughtered in Denmark (Ludvigsen, 1953). 
Ludvigsen made note of the PSE condition which developed in 
the carcasses of these pigs after slaughter. In later reportsj 
he suggested the endocrine system to be involved in predis­
posing pigs to this condition, particularly the adrenal and 
thyroid glands (Ludvigsen, 1954, 1957). Another Danish 
worker, Wismer-Pederson (1968), reported that Cohrs (1942) 
had associated conditions similar to PSE with the confinement 
of pigs which prevented adequate exercise. Henry et al. 
(1958), in France, described what was apparently the same 
condition and considered the syndrome as a "disorder of 
adaptation", and referred to the muscle changes as an "exuda­
tive myopathy". In Great Britain, Lawrie et al. (1958) re­
ported the abnormally low pH which developed in the 
Lonaissimus dorsi muscle of porcine carcasses having this 
condition, and Allen et al. (1970) called attention to the 
fact that PSS susceptible pigs are abnormally sensitive to 
halothane.anesthesia, develop an abnormal degree of hyper­
thermia, acidosis, and an increase in plasma inorganic 
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phosphate. 
Reports of special interest are those of Berman et al. 
(1970) and Sybesma and Eikelehboom (1969) where they implied 
that malignant hyperthermia and PSS were synonymous (Ball 
et al., 1972). 
Etiology 
PSS susceptibility has been found to be controlled by a 
single autosomal recessive gene (Christian, 1974; Minkema 
et al., 1976; Webb and Smith, 1976; Mabry, 1977; Smith and 
Bampton, 1977). Britt and Kalow (1970) described a similar 
condition occurring in man known as malignant hyperthermia. 
Olliver et al. (1975) suggested that malignant hyperthermia 
might have a simple recessive form of inheritance. 
Topel et al. (1975) suggested that PSS might be caused 
by an autosomal recessive with variation in penetrance. Ball 
et al. (1972) and Rasmusen and Christian (1976) indicated 
that PSS and malignant hyperthermia in pigs are the same 
genetic abnormality. 
Clinical Signs 
Clinical signs associated with PSS have been described 
as an early muscle and tail tremor, dyspnea and irregular 
breathing (open mouth respiration), increased circulatory 
function and then, erythema (difficult to see in dark-skinned 
pigs), increase in body temperature 42-45°C (107-113°F), 
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development of an extreme acidosis condition, drop in 
blood pH (6.8), cyanosis, cardiac arrhythmia, progressive 
accentuation of muscle rigidity and finally death (Topel 
et al., 1968, 1974, 1975; Topel, 1977; Christian, 1972, 
1974; Ball et al., 1972, 1973; Williams, 1974; Sybesma and 
Eikelenboom, 1969). The degree of hyperthermia varies 
considerably (Ball et al., 1972). According to Williams 
(1974), 25% of the malignant hyperthermia cases develop 
without rigor. 
Mechanism of Porcine Stress Syndrome 
The development of PSS has been described by several 
authors. Krebs et al. (1966) stated that, during stress 
situations, epinephrine stimulates glycogen breakdown and 
blood glucose increases. When PSS susceptible pigs are sub­
jected to forced exercise, the blood lactic acid levels can 
increase from 14.0 to 17.0 mg/lOO ml in a few minutes (Weiss 
et al., 1974). According to Topel et al. (1974), stress 
susceptible pigs have excessive stimulation for the forma­
tion of blood glucose. White et al. (1968) suggested that 
when muscle cells reach their metabolic capacity for these 
reactions, they generate oxidized nicotinamide-adenine-
dinucleotide which is required for glycogen breakdown by re­
ducing pyruvate to lactic acid. The lactic acid produced 
rapidly diffuses out of the muscle into the blood (Duve and 
Hers, 1957). Topel et al. (1974) theorized that during 
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epinephrine stimulation in PSS hogs the entry of lactic 
acid into the blood occurs at a faster rate than the con­
version of lactate to glucose in the liver,, resulting in a 
higher blood lactate level and a decrease in blood pH when 
compared to control pigs. Sybesma and Eikelenboom (1969) re­
ported body temperature increases to parallel increases in 
the level of blood lactate. 
Skeletal muscle is the primary defective tissue. It is 
there where the syndrome is triggered, resulting in a rapid 
depletion of skeletal muscle ATP, rapid production of lactic 
acid and development of extreme muscle rigidity and heat 
(Topel et al., 1968; Kalow et al., 1970; Nelson et al., 1972). 
It is suggested that mitochondria, due to their calcium 
accumulating ability, may play a significant role in the 
excitation and relaxation of muscle, either supplementing the 
established role of the sarcoplasmic reliculum in segregation 
of the calcium, or even supplementing it in some types of 
muscle (Topel, 1977). According to this author, the amount 
of calcium released from the skeletal muscle mitochondria 
may contribute to the development of the PSS signs. Campion 
et al. (1976) suggested that the excess of calcium is free to 
activate the myofibrillar ATPase, while Ozawa et al. (1967) 
indicated that it could activate the phosphorylase kinase and 
therefore glycogen is degraded to pyruvate. 
As the stress syndrome progresses, the skeletal muscle 
cells become more anaerobic and more of the pyruvate derivated 
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from glycogen is converted to lactate (Topel, 1977). Cheah 
and Cheah (1976) propose that enhanced glycolysis triggered 
by excess of calcium can result in an increase in phosphoenol 
pyruvate which may induce the efflux of calcium from the mito­
chondria of PSS pigs and therefore increase the contraction 
of skeletal muscle. According to Topel et al. (1975), death 
seems to be the result of a combined lactate acidosis and hi^ 
blood temperature in stress susceptible animals -when exposed 
to severe stress conditions. 
Marple and Cassens (1973) indicate that having estab­
lished that muscles from PSS swine have larger muscle fibers 
per unit mass with a lower capacity for oxidative mechanisms 
and a lower capacity to produce ATP by oxidative phosphoryla­
tion, muscle glycogenolysis will be enhanced in PSS swine in 
an effort to produce ATP during periods of increased energy 
demand such as during any stress response. During such a 
stress response, the rapid utilization of epinephrine noted 
by Topel (1972) would also stimulate the rapid muscle glyco­
genolysis and glucolysis noted by Sair (1970). Similarly, 
liver glycogen would be converted to blood glucose by the 
action of epinephrine or glucagon, thereby producing the 
increase of the blood glucose characteristic of stress sus­
ceptible swine noted by Weiss (1971) following an experimental 
stress response. Ultimately, Cortisol would be expected to 
stimulate liver gluconeogenesis to convert the higher levels 
of lactate produced by the anaerobic muscle fiber mass to 
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glucose and finally muscle and liver glucogen. 
Altrogge et al. (1980) found lower than normal levels of 
dopamine in the urine and the caudate nuclei of PSS pigs. 
The inhibitory dopamine pathway counteracts the excitatory 
acetylcholine pathway that is responsible for the stimulation 
or excitation of skeletal muscle (Sethy and Van Hoerst, 1974j 
Agid et al., 1975; Console et al., 1975; Bartholini et al., 
1975), A lower dopamine concentration in this portion of the 
brain could reduce the inhibitory effect on acetylcholine 
stimulation under stress conditions and result in overstimula­
tion of the motor end plates of skeletal muscles. This over­
stimulation would result in excessive Ca** efflux into the 
sarcoplasma, muscle tremors and rigidity would develop. This 
could initiate and contribute to a lactate acidosis in the 
skeletal muscle (Topel, 1972). 
Post Mortem Changes 
Skeletal muscle rigidity begins before death and increases 
progressively, therefore, the animals show extreme rigidity 
soon after death (Ball et al., 1972, 1973; Topel et al., 1968; 
Topel et al., 1975; Christian, 1974, 1976). 
Ball et al. (1972) observed that about six out of ten 
stress-susceptible pigs will develop pale, soft and exudative 
pork (PSE) within an hour of exsanguination. This condition 
is associated with lowered processing yields, increased 
cooking losses, and reduced juiciness. Present evidence in­
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dicates that the ultimate appearance of the pork from stress-
susceptible swine depends on factors such as the length and 
duration ante-mortem stress as well as the nutritional status 
of the animal (Topel, 1972). So, a dark, firm, dry 
muscle condition can also be produced in meat from PSS-
susceptible animals if they have supported a fasting period 
before the slaughtering or, if they have survived a stress 
of sufficient duration. Both of these factors contribute to 
deplete the animal's glucogen reserves. Type of slaughter 
(carbon dioxide asphyxia favors the development of PSE) and 
inadequate post mortem cooking (rapid cooking reduces PSE) 
are examples of other factors which influence ultimate pork 
quality (Ball et al., 1972). 
Some muscles, the Lonaissimus dorsi (loin), the Gluteus 
medius. and the Biceps femoris of the ham muscles, are more 
prone to develop PSE than others. Failure of other ham 
muscles (Gluteus profundus and Iliopsoas) to develop PSE 
sometimes confers a two-toned appearance to the ham (Ball 
et al., 1972). 
The development of acidic (low pH) conditions in the 
muscle, before the natural body heat and the heat of the con­
tinuing metabolism have been dissipated through carcass 
chilling, causes denaturation of muscle proteins. PSE is 
produced by this protein denaturation (Topel et al., 1968, 
1975; Lister et al,, 1976). 
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Detection of PSS 
Researchers over the world have developed different 
methods of predicting resistance or susceptibility to PSS, 
Phenotvpic scoring 
This is a subjective measurement based on an animal's 
visual appearance. Numerous.authors have reported stress-
susceptible animals have extreme muscle development and little 
backfat (Sybesma and Hart, 1965; Forrest et al., 1968; Topel 
et al., 1968; Judge, 1969; Unshelm et al., 1971). 
Christian (1974) discovered all stress-susceptible 
animals to be muscular; however, not all muscular appearing 
pigs were stress-susceptible. He characterized PSS sus­
ceptible animals as pigs with small stature, extreme muscle 
development, large and oval-shaped hams, and tight jowls and 
middles. The hams show a clear muscular separation and veins 
in the ham are enlarged. 
Although this is one of the easiest and least expensive 
methods of detecting PSS, results are not always accurate. 
Christian (1974) phenotypically scored 44 pigs for PSS on a 
scale of one (resistant) to ten (susceptible). When compared 
to the halothane method, nine of the 44 were misclassified. 
Halothane screening 
Some authors have reported that susceptible pigs de­
veloped symptoms similar to PSS when exposed to halothane 
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anesthetic (Hall et al., 1966; Eikelenboom and Sybesma, 1969; 
Harrison et al., 1968; Allen et al., 1970; Wool et al., 1970; 
Christian, 1972, 1974; Berman and Kench, 1971). 
Christian (1972) found that recuperation of susceptible 
pigs exposed to halothane usually occurs rapidly in 7- to 11-
week-old pigs if thè nose cone is removed at the first sign 
of rigidity. Halothane screening has been proven to be a 
highly repeatable and accurate measure of stress suscepti­
bility (Alva, 1979). The expensive equipment and experienced 
operators required for this procedure, plus the risk of 
transmitting disease through the equipment may have limited 
its application. 
Creatine phosphokinase 
Cassens et al. (1975) measured blood levels of several 
enzymes: creatine phosphokinase (CPK), lactate dehydrogenate 
(LDH), aldolase, alkaline phosphatase, glutamic-oxalacetic 
transaminase, malate dehydrogenase and glutamic pyruvic 
transaminase and evaluated their ability to predict PSS sus­
ceptibility. He found along with other authors (Addis, 1969; 
Merkel, 1971; Schmidt et al., 1971; Reddy et al., 1971) 
the enzymes with the highest relationships with pork quality 
to be CPK, aldolase, and LDH. Also, he suggested that since 
CPK is the easiest of the three to determine and is specific 
to muscular tissue, it is probably the best detector. 
The function of CPK was reported by Nevins et al. (1973). 
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He indicated CPK is essential to the energy storing mechanism 
of tissues by catalyzing the reversible reaction: 
CPK 
Creatine + ATP ^  Creatine phosphate + ADP 
If normal ATP synthesis is interrupted, muscle depletion will 
result in rigor mortis. CPK may reach elevated levels due to 
tachycardia, myocardial infarction, exercise, intramuscular 
injections, muscle injury and diseases such as muscle dis-
trophy and hypothyroidism (Mabry, 1977) . The PSS susceptible 
animals were found to have higher levels of serum CPK in 
studies by Schmidt et al. (1970), Allen and Patterson (1971), 
Bickhardt (1971), Eikelenboom et al. (1976), Hwang et al. 
(1978), and Watson et al. (1980). Addis et al. (1974), 
Hwang et al. (1977), and Watson et al. (1980) reported that 
CPK can be utilized to determine PSS in swine. Christian 
(1974) and Watson et al. (1980) observed PSS susceptible ani­
mals to have a significantly greater CPK than control animals 
after physical stress both at weaning and slaughter. Results 
vary, however, with CPK measurements. Schmidt et al. (1973) 
observed a poor repeatability of serum CPK levels on the same 
pig. But, Addis et al. (1974) found very little variation in 
CPK serum levels from week to week. Similar results were 
observed by Beerman et al. (1975). CPK levels are also af­
fected by some drugs, including antibiotics, anesthetics, 
and tranquilizers (Allen et al., 1976). 
Hallberg et al. (1979) measured total CPK and CPK iso-
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enzymes in PSS positive and negative pigs. Serum CPK levels 
were significantly greater in the SS animals as compared with 
stress-resistant pigs for all comparisons studied. Serum 
levels of the skeletal muscle CPK isoenzyme (MM-CPK) and the 
cardiac muscle CPK isoenzyme (MB-CPK) were significantly dif­
ferent between positive and negative animals. The two groups 
of pigs were not significantly different for total CPK levels 
in Triceps brachii and the ventricular myocardium. Also, no 
significant differences were found in the CPK isoenzyme com­
position of the M. lonaissimus. Triceps brachii and cerebral 
cortex. Rested SS pigs had more total CPK in their M. 
lonaissimus than stressed SS pigs, and rested SS and resistant 
pigs had more CPK in the cerebral cortex as compared with 
stressed SS and resistant pigs. Stressed SS and resistant 
pigs showed significantly more MM-CPK and MB-CPK in the heart 
(P<.05) than the rested SS and resistant pigs. The authors 
concluded that the major contributor to the difference in 
total CPK between SS and normal pigs was the higher level of 
the MM isoenzyme in the positive animals. 
Blood types 
Rasmusen and Christian (1976) found strong evidence that 
the H blood group system in conjunction with the A-0 system 
had potential in predicting stress susceptibility. 
It is known that the H system includes at least two genes 
or alleles; and If hemolysis is rapid when red cells 
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from a pig are placed with antisera, the pig has the 
H^/H^ genotype. If hemolysis is less rapid, the animal 
carries only one "a" gene and is labeled . if the red 
cells react with antisera "c", the animal has at least one 
"c" gene. At present, pigs carrying two "c" genes cannot be 
separated from those carrying just one unless the other gene 
is "a". Pigs that fail to react to either "a" or "c" anti-
sera are labeled H . Therefore, the following genotypes 
can be identified in the H system: 
h"/". 
The AO system is similar to ABO system of the human, but 
the pig has no "B" gene. Therefore, animals are "A" or "0", 
with "A" being dominant over "0". In some pigs, neither "A" 
nor "0" is expressed. Some A^^ pigs fail to react to either 
the "A" or the "0" antiserum. Although these animals carry 
the genes, the genotype in some cases prevent-ed their ex­
pression. Therefore, animals of the blood type can be 
divided into two groups: those "A" or "0", and those 
- Rasmusen and Christian (1976) theorize that 
the genes of the type that prevent expression of "A" 
or "0" are different from those that permit expression. 
Mabry (1977) reported two blood types +H ^  and 
(+ = "A" or "0" positive, - = "A" or "0" negative) were con­
sistently found in stress-susceptible pigs. Stress resistant 
pigs had three blood types; and . How­
ever, he also found the blood type +H^'^ in both stress-
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susceptible and stress-resistant pigs. He denoted the "a" 
gene found in PSS-susceptible pigs "a^", leaving the other 
gene in stress-resistant animals as "a". Christian (De­
partment of Animal Science, Iowa State University, Ames, 
Iowa, unpublished observations) has found at least two pigs 
of the +H ^ blood type which were PSS-resistant. 
The main advantage of blood typing is in the detection of 
carriers, since the mode of inheritance of PSS appears to be 
autosomal recessive (Mabry, 1977; Minkema et al., 1976). 
Close linkage has been established between the H blood 
group locus and the locus for variants of 6-phosphoglucomate 
dehydrogenase (6-PGD) and also between the H blood group locus 
and the locus for variants of phosphohexose isomèrase (PHI) 
in pigs (Andressen, 1970a,b). He suggested the likely order 
of the three loci; PHI, H, 6-PGD (Andressen, 1970b, 1971). 
However, Rasmusen et al. (1980) indicated the order as H, PHI, 
6PGD. 
Andressen and Jensen (1977) reported that halothane sen­
sitivity is a recessive trait controlled by a major autosomal 
locus for which he proposed the designation HAL. This locus 
comprises two alleles, N and n, as suggested by Minkema et al. 
(1976). Thus, the HAL locus comprises the genotypes NN, Nn, 
and nn., , The genotype nn refers to halothane positive individu­
als whereas the N- (i.e., NN or Nn) genotypes are halothane 
negative. The author (Andressen) has determined a linkage be­
tween HAL locus and PHI locus which was previously shown to be 
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linked with the H blood group locus and the locus 6-PGD 
(Andressen, 1971). He suggested the likely order of the loci 
as: HAL, PHI, H, 6-PGD. 
Jensen et al. (1976) found an association between geno­
types of the H blood group system and porcine meat color 
score. The study indicates a significant association between 
inferior meat quality and presence of the H^ allele. However, 
since PSE does occur among H(a-) individuals (genotype H ) 
no direct causal relationship appears to exist between the 
H^ allele and meat color. Andressen (1979) found evidence 
through using a new method of gene mapping that the most 
likely sequence of these closely linked alleles is PHI-
HAL-H. 
Feed Traits 
Eikelenboom and Minkema (1974) observed average daily 
gain (ADO) under ad libitum feeding was significantly higher 
for PSS-resistant gilts than PSS-susceptible gilts. Barrow 
gains were in the same direction, but the differences were not 
significant. 
Eikelenboom et al. (1976) reported that Eldik (1975) 
observed ^  libitum fed PSS reactors to gain more slowly and 
have a lower feed intake than controls. No differences in 
feed efficiency (FE) were observed. Christian (1974) found 
no differences for ADG and FE between PSS positive and nega­
tive animals, although rate of gain favored the negative 
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group. Verstegen et al. (1976) reported PSS-susceptible pigs 
to be lower in feed consumption (FC) and ADG in a three—week 
period between 50-100 kg. Carlson et al. (1980) found no sig­
nificant differences with respect to ADG, FE and FC, although the 
positive group consumed less feed, grew slightly more slowly 
and required less feed per lb of gain. 
Carcass Traits 
Quantitative traits 
Topel et al. (1967) reported longissimus muscle area 
to be significantly larger in FSE carcasses compared with 
normals. Berry et al. (1970) observed carcasses with lighter 
colored muscles to be generally shorter in length, have less 
backfat, and a lower percentage of fat in the carcass. 
Dildey et al. (1970) found PSS-susceptible animals had sig­
nificantly less backfat, a finding in agreement with Verstegen 
et al. (1976), who also found PSS-susceptible pigs had shorter 
carcasses and higher percentage of carcass lean. Webb and 
Jordan (1977) observed the same results with positive reac­
tors having shorter and leaner carcasses than controls. How­
ever, Mabry (1977) found no significant differences between 
the groups in carcass length, dressing percentage, and average 
carcass backfat. He found PSS-susceptible pigs to have larger 
loineye areas. Carlson et al. (1980) found the loineye area to be 
larger in PSS-susceptible pigs due largely to the differences 
between positive and negative barrows. Loin area differences 
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in gilts were of lesser magnitude resulting in a significant 
stress class by sex interaction. Yield, average backfat, 
carcass length, lOth rib backfat and backfat probe were not 
significantly different between the groups, although the di­
rection of the difference was consistent with results reported 
previously. 
Qualitative traits 
Some authors (Topel et al., 1967; Dildey et al,, 1970; 
Eikelenboom and Vanden Bergh, 1971; Verstegen et al., 1976) 
have failed to detect lower post mortem muscle pH in PSS-
susceptible pigs relative to control animals. In these 
studies, pH was measured at least 24 hours post-slaughter. 
Campion et al. (1976) along with Carlson et al. (1980) and 
Topel et al. (1968) observed PSS-susceptible pigs had lower 
muscle pH immediately after slaughter, 45 minutes post mortem 
and one hour post mortem. The same authors reported the color 
of longissimus muscle of susceptible pigs to be pale one 
hour after slaughter while that of the controls was normal. 
This agrees with reports by Schmidt et al. (1970), Dildey 
et al. (1970), Merkel (1971), Martin and Fredeen (1974), 
Martin et al, (1975) and Watson (1976). However, Mabry (1977) 
reported no color differences in the longissimus between PSS 
positive and negative animals when a photovolt reflectance 
meter was used. 
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The meat of PSS-susceptible pigs was reported to be of 
poor quality on the basis of a greater light transmission by 
Merkel (1971), Judge et al. (1973), Martin and Fredeen (1974), 
and Carlson et al. (1980). 
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MATERIALS AND METHODS 
This experiment was conducted at the Iowa State Univer­
sity Bilsland Farm hear Madrid, Iowa. Nearly all the parents 
of the pigs were progeny originating from a cross of York­
shire, stress-susceptible boars with inbred Poland China, 
stress-resistant gilts. The boars used to produce these 
animals were halothane sensitive and of the following blood 
types: a^/a^, a^/-, -/-. All gilts were c/c. As expected 
all animals born in the F^ generation were of either the 
a^/c or c/- type and were negative to the halothane test. 
To produce the F2 generation only the animals of the 
a^/c genotype were used since blood typing procedures cannot 
accurately separate the c/c and c/- genotypes that would have 
resulted from matings involving one or more c/- parent(s). 
Nine sows of the a^/c blood type but of the F2 rather than the F^ 
generation were used as dams due to insufficient numbers of 
Fg^ dams. The blood type genotype of the experimental animals 
were: a^/a^ (stress-susceptibles), a^/c (carriers), and 
c/c (stress-résistants). 
The animals tested came from 35 litters produced by two 
boars and were born between September 8, 1977 and May 9, 1979. 
The distribution of the tested animals was as follows: 
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Males Females Total 
Stress-résistants (c/c) 36 24 60 
Carriers (a^/c). 58 49 107 
Stress-susceptibles (a^/a^) 24 29 53 
Total 118 102 220 
The blood typing procedure "was as follows: blood was 
dripped from punctured ear veins into test tubes with 1 ml 
of anticoagulant solution formed with 2% sodium citrate, 0.5% 
sodium chloride and 0.016% sodium cyanide as suggested by 
Andressen (1963). The test tubes were identified, sealed and 
mailed to Dr. Ben Rasmusen who conducted the test at the 
University of Illinois, Champaign, Illinois. 
Design and Procedure 
The animals were farrowed in pens measuring 3.2 x 1.8 m 
approximately and about 24-36 hours after birth were placed 
in pens similar to the farrowing ones. They stayed there 
until weaning and were ad libitum fed a fortified 18% protein, 
corn-soybean ration with carbadox. 
During the first two year-seasons (Fall '77 and Spring '78) 
post-weaning tests of the animals were conducted by feeding 
three per group in pens measuring .9 x 3.0 m located in an 
enclosed, environmental controlled building. During the other 
two year-seasons (Fall'78 and Spring'79) the pigs were tested 
one animal per pen in the same building. During these tests 
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a divider was used to separate the .9 x 3.0 m pens into two 
pens measuring .9 x 1.5 m. In pens with more than one in­
dividual, all penmates were of the same blood type genotype. 
The animals started the test at approximately 32 kg (70.4 
lb) of weight and were ad libitum fed a fortified 15% protein, 
pelleted corn-soybean meal ration. This diet contained 40 g/ 
ton of Lincomycin from the start of the test until the animals 
reached approximately 90 kg at which time the Lincomycin was 
replaced by a 50 g/ton of Virginiamycin. 
The pigs were weighed individually at weekly intervals 
and taken off test when they reached a minimum weight of 109 
kg (240 lb). 
The animals of the first two year-seasons (Fall,'77 and 
Spring'78) were slaughtered in the Iowa State University Meat 
Laboratory, located a distance of approximately 26 km (16 
miles) from the farm. Animals tested during the fall'78 and 
spring '79 year-seasons were slaughtered at the Oscar Mayer 
packing plant located at Perry, Iowa, a distance of approxi­
mately 38 km (24 miles) from the farm. 
Qualitative Carcass Traits 
A blood sample was taken from the ear of each pig 
immeidately before slaughter, to be analyzed by the Sigma 
procedure for CPK activity (Sigma Chemical Company, 1974). 
Two or three ml of blood were collected in a test tube, and 
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the tube was sealed with a cork. Attached to the middle of 
the cork and extending into the test tube was a thin piece 
of rounded wood. The blood clotted to the wood and upon re­
moval of the wood, clear serum with a minimum of excess cells 
remained. This was centrifuged at 2000 rpm for 30 minutes 
and the serum decanted into clean tubes. The serum was frozen 
until several were ready to be tested. For this, the serum 
was thawed and the appropriate reagents added according to 
Sigma Procedure 520. The chemical reaction which occurs 
during this process is as follows; 
CPK ADP + phosphocreatine;ç==s:^ATP + creatine 
Creatine + a-naphtol + diacetyl ^colored complex. 
The optical density of the solution was read using a Baush 
and Lomb colorimeter. The final CPK value was derived from 
a CPK calibration curve. The amount of light registered by 
the colorimeter from the reaction indicates the amount of CPK 
activity. 
Also, blood samples, in the form of blood spots collected 
on sample cards, were obtained from the ear veins. The cards 
were mailed to Antonik Laboratories for CPK-luciferase de­
termination (Antonik Laboratories). 
Forty-five minutes post mortem, a sample weighing approxi­
mately 200 g was removed from the longissimus of each carcass 
for pH measurement. These samples were taken from the left 
side at a position directly over the last rib. The sample 
25 
was separated into fat and lean and the weight of both re­
corded. Then a lO-g sample of lean was homogenized in 30 
ml of distilled water for 30 seconds and the pH read with a 
Beckman pH meter. 
After the longissimus sample for the 45-minute pH reading 
was taken, the carcasses were weighed and moved to the cooler. 
Two or three days after slaughter, a sample of the M. 
longissimus was removed from the carcass, weighed, and evalu­
ated for reflectance and light transmittancy. 
A photovolt- reflectance meter was used to measure color 
reflection. To evaluate light transmittancy, a 5-g sample 
was taken from the same sample used for color reflectance. 
The 5-g sample was homogenized with 15 ml of distilled water 
in two bursts of 15 seconds each in a Waring automatic blender. 
After allowing the mixture to settle for 30 minutes, it was 
homogenized again for 15 seconds. Then it was centrifuged 
15 minutes at 3000 rpm and the resulting supernatant filtered. 
One ml of the mixture was poured into a test tube containing 
5 ml of distilled water. One ml of the remaining supernatant 
was added to each of two test tubes, each already containing 
5 ml of citrate phosphate buffer. All test tubes with the 
mixture were placed in a 20°C water bath for 30 minutes. 
The sample containing distilled water was used as blank 
for calibration purposes on the Baush and Lomb colorimeter. 
Light transmittancy was read from the meter for the two 
samples containing the citrate phosphate buffer. These two read­
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ings were averaged to obtain a final light transmittancy 
reading. 
Muscle pH measurements could not be taken for the ani­
mals from the 3rd and 4th year-season. 
Quantitative Carcass Traits 
Linear carcass measurements were taken on the animals 
during each of the four year-seasons. The measurements were 
taken on the left side of each carcass in accordance with 
procedures outlined by the National Pork Producers Council 
(1976). Carcass length was the distance from the anterior 
tip of the aitch bone to the anterior edge of the first rib 
at the point where it joins the first thoracic vertebra. 
Carcass backfat was the average of three fat depths measured 
adjacent to the first and last thoracic vertebra and the last 
lumbar vertebra. Also, backfat at the lOth rib was measured., 
perpendicular to the outside curvature of the back at a point 
3/4 of the lateral distance of the M. lonqissimus. All fat 
measurements were taken on unskinned carcasses. 
The M. lonqissimus between the lOth and 11th ribs was 
traced on acetate paper and measured using a grid (20 dots/ 
sq in.) to evaluate loineye area. 
The carcasses of the animals from the two first year-
seasons (Fall '77 and Spring '78) were separated into the major 
cuts of Boston butt, picnic, ham, loin, belly and jowl. The 
shank was removed from the ham. After these cuts were weighed. 
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each was separated into lean, fat, bone and tendon, and skin 
components. Each component was weighed and recorded. Then 
the percentages of lean, fat, and bone and skin of total 
weight were determined. 
Performance Traits 
Average daily gain (ADG) was calculated on a per pig 
basis: 
Individual final wt - Individual initial wt 
~ days on test 
Feed efficiency (FE) was calculated on a pen basis: 
FE = Amount of feed consumed per pen final pen wt - initial pen wt 
Feed consumption was measured also on a pen basis: 
Amount of feed consumed bv the pen 
pig-days 
To adjust preweaning weights to a 21-day basis the 
formula recommended by Whatley and Quaife (1937) was used; 
where: 
W = adjusted 21 days weight 
Z = actual weight 
X = actual age in days when weighed. 
To adjust weaning weights to 42 days, a formula interpo­
lated from the formulas suggested by Whatley and Quaife (1937) 
to adjust for 21 days and 56 days was used: 
28 
Y = Z(^) 
where: 
Y = adjusted 42 days weight 
Z = actual weight 
X = actual age in days when weighed. 
Correlations among dependent variables were calculated 
from residual matrices. 
Method of Analysis 
Model 1 
Model 1 was used to analyze feed efficiency and feed 
consumption: 
^ + Si + Tj + ^ + 
®ijkXmn 
where : 
1 — 1*2*3*4)5 ; J — 1*2*3} K — 1*2*3*4* n — 1*2*.» «98; 
and 
^ijkton = "th observation 
fj, = overall mean 
S = effect due to ith sex 
T = effect due to jth type of animal 
YS = effect due to kth year-season 
bi(W.-W) = effect due to regression Y on the deviation of 
the initial weight of the Xth pig from the mean 
initial weight 
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bgCX -X) = effect due to regression Y on the deviation of 
the final weight of the mth pig from the mean 
final weight 
e = random error. 
All factors in this analysis were considered fixed, 
except for error. 
Since in this case, the experimental unit was the pen, 
the sex was coded as the percentage of barrows present in 
each pen, i.e., 100% when the pen was comprised entirely of 
barrows, 67% when there were 2 barrows and 1 gilt, 33% when 
there were 1 barrow and 2 gilts and 0% when all animals were 
gilts. In cases where there were but 2 animals per pen, one 
barrow and one gilt, a value of 50% was used. 
Model 2 
Model 2 was used to analyze birth weight, adjusted 21 
day weight and adjusted 42 day weight. 
^ijwm = P + S. + Tj + Y-S^ + + (ST), j 
where: 
1 — 1,2,J J = 1,2,3; k = 1,2,3,4; Jl — 1,2,... 35 
m = 1,2...319; 
and 
Y. = mth observation 1 jK£m 
fi = overall mean 
S = effect due to the ith sex 
T = effect due to the jth type of animal 
Y-S = effect due to the kth year-season 
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L = effect due to Xth litter within the kth year-
season 
(ST) = effect due to the interaction of the jth type 
of animal with the ith sex 
e = random error. 
Model 3 
Model 3 was used to analyze average daily gain, 
^ijktono = H + s. + Tj + Y-S% + + (ST)ij + 
bi(W^-W) + b^cx^-x) + e. 
where: 
X — 1f 2* J — 1*2)3; k — 1*2,3*4) Z — 1*2...35 * 
o = 1,2...220J 
and 
Yijkjmno = observation 
jj, = overall mean 
S = effect due to ith sex 
T = effect due to jth type of animal 
Y-S = effect due to the kth year-season 
L = effect due to the Xth litter within the kth 
year-season 
(ST) = effect due to the interaction of the jth type 
of animal with the ith sex 
bi(W -W) = effect due to regression on Y of the deviation 
of the initial weight of the mth pig from 
the mean initial weight 
b2(X^-X) = effect due to regression on Y of the deviation 
of the final weight of the nth pig from the 
mean final weight 
= random error. 
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Model 4 
Model 4 was used to analyze carcass traits. There 
•were data in just two year-seasons (Fall '77 and Spring 
'78) for the following traits: pH, lean percentage, fat 
percentage, and bone and skin percentage. 
^ijkXm = + S. + Tj + Y-Sj^ + + (ST) . j 
where: 
1 — 1,2) J — 1,2,3} k = 1,2,3,4} or k — 1,2) Sj — 1,2... 
m — 1,2...167 or in — 1,2...83 
and 
Y. = mth observation ijk&m 
H = overall mean 
S = effect due to the ith sex 
T = effect due to the jth type of animal 
Y-S = effect due to the kth year-season 
L = effect due to the Xth litter within the kth 
year-season 
(ST) = effect due to the interaction of the jth type 
of animal with the ith sex 
' random 9^?°^ 
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Model 5 
Model 5 was used to analyze quantitative carcass traits. 
Yijkamn = ^ + Si + Tj + Y-S^ + + (ST).j + . 
b(W_^-W) + 
where: 
i = 1,2; j = 1,2,3; k = 1,2,3,4; or k = 1,2,; Z = 1,2...35; 
n = 1,2...167 or n = 1,2...83 
and 
Yijkjmn = "th observation 
fi = overall mean 
S = effect due to the ith sex 
T = effect due to the jth type of animal 
Y-S = effect due to the kth year-season 
L = effect due to the ^ th litter within the kth 
year-season 
(ST) = effect due to the interaction of the jth type 
of animal with the ith sex 
b(W-W) = effect due to regression on Y of the deviation 
of the final weight of the mth pig from the 
mean final weight 
error-
In all analyses from model 2 through model 5, all factors 
were assumed to be fixed except for litter and error which 
were considered random. 
Feed consumption and feed efficiency traits were analyzed 
using the Least Squares Maximum Likelihood General Program 
(Harvey, 1969), commonly referred to as LSMLGP. 
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The balance of the traits were analyzed using the Mixed 
Model Least Squares and Maximum Likelihood Computer Program 
(Harvey, 1977), known commonly as LSML76. CPK readings were 
transformed into log^Q values to normalize the distribution 
as found necessary by Elizondo et al. (1976), and to estab­
lish homogeneity of variance (Mabry, 1977). 
It was assumed that litter and error had means zero and 
2 2 
variances and with Zero covariance. It was also assumed 
2 2 2 that + 3g)was equal to .2 (L. L, Christian, Department 
of Animal Science, Iowa State University, Ames, Iowa, personal 
2 2 
communication). The ratio of 0^/0^ was then computed and 
added to the diagonals producing Henderson's mixed model 
equations. Sum of squares were adjusted for litter effects 
during the absorption prior to computing the sum of squares. 
Tests of significance for the fixed effects result from 
generalized least square solutions (GLS) and are best linear 
2 2 
unbiased estimates (BLUE) if and are known (Henderson 
and Henderson, 1979). 
When a significant effect due to stress type was found 
by the "F" statistic, a "t" test was carried out to determine 
location of the significant differences among PSS-resistant, 
PSS-carrier and PSS-susceptible means. 
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RESULTS 
Performance Traits 
The frequency for stress classification for all pigs 
tested is presented in Table 1, along with the chi-square 
test for departure from Mendelian 1:2:1 ratio. 
Least squares means for weight traits are shown in Table 
2. Although carrier animals were larger at birth than non-
carrier and susceptible animals, birth weight was not sig­
nificantly affected by sex, stress classification, year-
season, or the stress classification by sex interaction. 
Twenty-one day weight was affected by stress classification 
(P<.01). Stress susceptible pigs had less 21-day weight 
(P<.Ol) in comparison with carrier and normal pigs. Forty-
two day weight was influenced highly significantly by both 
stress classification and year-season. In this case as well, 
the stress susceptible animals were lighter in weight than the 
carrier and noncarrier normal groups. 
Average daily gain (ADG), feed efficiency (FE), and feed 
consumption (FC) means did not differ significantly among 
stress classes (Table 3). ADG was influenced (P<.Ol) by 
season and by the linear effects of starting and final weight. 
FC was affected significantly by sex (P<.05) and year-season 
(P<.Ol). The linear effects of both starting and ending 
weight on FC were also important. The regression of starting 
weight was highly significant and that for final weight was 
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Table 1. Stress classification frequency and chi-square 
test^ 
Stress b -.b 
classification Percentage Observed Estimated 
Stress-resistant 28,0 63 56.25 
(c/c) 
Stress-carrier 47.6 107 112.5 
(aX/c) 
Stress-susceptible 24.4 55 56.25 
(aVa^) 
Total 100.0 225 225 
calculated = 1.11; = 1.39 (d.f. = 2). 
^Number of animals. 
Table 2. Least squares means^ of birth, 21-day, and 42-day 
weights 
Type of No. of Weight, kq 
animal obs. Birth 21-day 42-day 
Stress- -h H 
resistant 59 1.31 ± .04 5.66 ± .20 11.47 ± .38 
Stress- y, y. 
carrier 107 1.35°± .03 5.83°± .17 .31 
Stress- , 
susceptible 53 1.28 ± .04 5.01 ± .21 9.61 ± .39 
^Least squares means ± standard error. 
Cleans superscripted with the same letter are not sig­
nificantly different (P<.05). 
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Table 3. Least squares means^ for feed and growth traits 
Stress classification 
Traits 
Stress-
resistant 
Stress-
carrier 
Stress-
susceptible 
Feed consumption, 
kg/day 
2.73 ±.07 
(43)b 
2.60 ±.06 
(73) 
2.60 ±.07 
(34) 
Feed efficiency, 
F/G 
3.60 ±.08 
(43) 
3.50 ±.08 
(73) 
3.45± .09 
(34) 
Average daily gain, 
kg/day 
.769±.0l3 
(60) 
.767±.011 
(107) 
.7S3±.0l4 
(53) 
^Least squares means ± standard error. 
^Numbers in parentheses indicate number of observations 
per mean, pens for FC and FE and animals for ADG. 
significant. FE was different across year-seasons (P<.Oi). 
The linear effect of final weight also exerted a significant 
influence on this trait • 
Qualitative Carcass Traits 
Least squares means of qualitative carcass traits are 
shown in Table 4 by stress classification. Color reflectance 
was significantly different (P<.05) between the PSS-resistant 
and carrier groups, and highly significantly differences 
were detected between PSS-resistant and PSS-susceptible and 
between the latter and carrier animals. in respect to light 
transmittancy,the same trend was observed. 
Values of Sigma CPK and Antonik CPK, determined from 
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Table 4. Least squares means^ for qualitative carcass traits 
for stress classification 
Stress classification 
Item 
PSS-
resistant 
PSS-
carrier 
PSS-
susceptible 
Number 52 83 32 
pH^ 6.42 ± .06 
(28) 
6.15 ± 
(32) 
.05 5.73 ± .94 
(23) 
Color reflectance 22.5 ± .8 24.5 ± .7 29.1 ± .9 
Light transmittancy 24.3 ± 3.6 33.4 ± 2.9 73.0 ± 4.2 
Sigma CPK 
(logio) 
1.57^± .05 1.68^1 .04 2.22 ± .06 
Antonik CPK 
(lO9l0) 
1.54^6 .06 1.62^± .05 2.04 ± .07 
^Least squares means ± standard error. 
^Muscle pH vas obtained for only t-wo year-seasons. Num­
bers in parentheses indicate number of observations for this 
trait. 
^'^eans superscripted with the same letter are not sig­
nificantly different (P<.05). 
blood samples taken at slaughter time, were highly signifi­
cantly different among all stress groups. The lowest were 
found for PSS-resistant animals in comparison with carrier 
and susceptible pigs. Carrier animals were intermediate. 
Significant differences (P<.Ol) between PSS-resistant and 
PSS-susceptible pigs and between carrier and PSS-susceptible 
animals were found for muscle pH taken 45 minutes after 
slaughter. The carrier group assumed an intermediate position 
38 
between the noncarrier normal and stress-susceptible group. 
(Data from only two year-seasons: fall*77 and spring'78, 
.were observed for this trait.) Year-season affected all 
qualitative carcass traits highly significantly (P<.Ol), 
while sex affected Antonik CPK measurements significantly 
(P<.05). These means are shown in Table 5. 
Quantitative Carcass Traits 
Least squares means for these traits are shown in Table 5. 
Loineye area was highly significantly different (P<.Ol) 
between positive and negative groups and between the latter 
and carrier pigs. No differences between negative and carrier 
groups were found. Yield (dressing %) was found to be highly 
significantly different (P<.Ol) between susceptible and re­
sistant animals. No differences were observed between carrier 
pigs with either resistant or susceptible groups; however, 
the carrier group assumed an intermediate position between 
both. 
Average backfat was significantly different (P<.05) be­
tween the carrier and PSS-susceptible groups. No significant 
differences were found between positive animals and normals, 
and between these last and carrier pigs. Means for lean per­
centage, fat percentage, and bone, tendon and skin percentage 
were obtained only for the first two year-seasons (Fall '77 
and Spring*78). Positive animals were leaner (P<.05) in 
comparison with noncarrier normal animals. These last, as 
Table 5. Least squares means^ for qualitative carcass traits for year-season 
classification 
Year-season 
Item Fall*77 Spring •78 Fall'78 Spring •79 
Number 42 41 54 30 
Color reflectance 21.6 ± 1.1 24.1 ± 1.1 24.6 ± 1.0 31.0 ± 1.2 
Light transmittancy 25.4 ± 4.8 33.4 ± 4.7 46.1 ± 4.5 69.2 ± •5.4 
Sigma CPK (log^g) 1.53 ± .07 2.00 ± .07 1.80 ± .07 1.95 ± .08 
Antonik CPK (log^g) 1.53 ± .08 1.66 ± .08 1.95 ± .08 1.78 ± .08 
^Least squares means ± standard error. 
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Table 5. Least squares means^ for quantitative carcass 
traits with respect to stress classification 
Stress classification 
Item 
Stress-
resistant 
Stress-
carrier 
Stress-
susceptible 
Number 52 83 32 
Length, cm 78.3^ ±.3 78.0^ ±.3 71.5^ ±.4 
Average backfat, 
cm 
CO o
 
o
 o
 
o
 3.90'^'^±.07 4.13C ±.l 
lOth rib fat, cm 3.92^ ±.11 3.66® ±.09 3.69^®±.13 
Loineye area, 
cm2 
35.7^ ±.9 36.7^ ±.8 40.0 ±1.2 
Yield, % 73.69 ±.3 74.1^ ±.2 74.7 ±.3 
Lean, % 42.0® ±.9 
(28)1 
43.1^^±.9 
(32) 
44.7^ ±1.0 
(23) 
Fat, % 40.7^' ±1.1 39.5j ±1.1 39.4^ ±1.1 
Bone, tendon 
and skin, % 
17.4^ ±.4 17.5% ±.4 15.9 ±.5 
^Least squares means ± standard error. 
b,c,d,e,f,g,h,i,j,k^g2^g superscripted with the same 
letter are not significantly different (P<.05). 
^Numbers in parentheses indicate number of observations 
per mean for lean %, fat %, and bone and skin %, 
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always, assumed an intermediate position for this trait. 
Nonsignificant differences were detected for fat percentage. 
However, positive animals had less fat in comparison with 
carrier and normal pigs. Bone and skin percentage means 
were significantly different (P<.05) when PSS-resistant and 
PSS-susceptible animals were compared and the same trend was 
observed for carrier and susceptible pigs. No differences 
were detected between resistant and carrier groups. 
No significant sex by stress classification interactions 
were detected for any of the carcass traits measured. Least 
squares means by sex for these traits are presented in Table 
7. Gilts had highly significantly less average backfat, 
lOth ribfat, and the three backfat measurements when compared 
with barrows. Also, gilts had greater loineye area than 
barrows. 
Correlation Coefficients 
Correlations among dependent variables were calculated 
from residual matrices. 
Performance traits 
Correlation coefficients among performance traits are 
presented in Table 8. The units for FE and FC were on a 
pen basis while those for weights and ADG were on a pig basis. 
Significant positive correlations (P<.Ol) were observed 
among birth weight, 21-day weight and 42-day weight. Also, 
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Table 7. Least squares means^ for quantitative carcass 
traits for sex 
Item Gilts Barrows 
Number 73 94 
Length, cm 78.1 ± .3 77.7 ± .3 
Average backfat, cm 3.8 ± .07** 4.2 ± .07 
lOth ribfat, cm 3.4 ± .10** 4.1 ± .09 
2 Loineye area, cm 39.2 ± .90** 35.7 ± .8 
Yield, % 74.1 .3 74.2 ± .2 
Backfat first thoracic 
vertebra 4.9 ± .09** 5.2 ± .09 
Backfat last thoracic 
vertebra 2.9 ± .07** 3.3 ± .07 
Backfat last lumbar 
vertebra 3.7 ± .10** 4.0 ± .09 
^Least squares means ± standard error. 
**Significant differences at P<.Ol level. 
a high positive correlation (P<.Ol) was found between 21-day 
weight and 42-day weight. 
Feed efficiency and feed consumption were positive and 
correlated highly positively (P<.Ol). 
Qualitative carcass traits 
Correlation coefficients among qualitative carcass 
traits are presented in Table 9. 
A highly significant (P<.Ol) positive correlation between 
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Tablé 8. Correlation coefficients among performance traits 
Trait 
Birth 
•wt 
21-day 
wt 
42-day 
wt FE FC 
Birth wt 1.00 0.51** 0.52** -
21-day wt 1.00 0.75** -
42-day wt 1.00 -
Feed efficiency 1.00 0.29** 
Feed consumption 1.00 
**Level of significance at P<.Ol. 
Table 9. Correlation coefficients^ among qualitative 
carcass traits 
Trait pH 
Color 
reflec. 
Light 
trans. 
Sigma 
CPK . 
Antonik 
CPK 
pH 1.00 -0.57** -0.50** -0.16 -0.11 
Color reflectance 1.00 0.63** 0.20 0.05 
Light transmittancy 1.00 0.14 0.01 
Sigma CPK 1.00 0.40** 
Antonik CPK 1.00 
^Correlation coefficients >.22 are significant (P<.05); 
correlation coefficients >.28 are highly significant (p<.Ol). 
**Level of significance at P<.Ol. 
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color reflectance and light transmittancy was observed. 
Likewise the correlations of 45 minutes muscle pH with both 
color reflectance and light transmittancy were large and 
negative (P<.01). Although animals with higher log^Q CPK 
values were lower in measures of muscle quality,the associa­
tions were not significantly different from zero. 
Quantitative carcass traits 
Correlation coefficients among quantitative carcass 
traits are shown in Table 10, 
As expected, negative correlations were found between 
length and fat measurements in general. The same trend was 
observed between loineye area and fat measurements. Average 
backfat was negatively correlated with loineye area. Yield 
was not significantly correlated with any of the quantitative 
carcass traits. 
Table lO. Correlation coefficients^ among quantitative carcass traits^ 
Length BF Ribfat LEA Yield BFl BF2 BF3 
Lean 
% 
Fat 
% 
Bone & 
skin % 
Length 1.00 -.18 -.24 -.05 -.10 -.02 .05 -.35 .10 -.19 .25 
BF 1.00 .53 -.10 .006 .74 .67 .77 -.49 .52 -.22 
Ribfat 1.00 — .48 -.07 .40 .40 .33 -.63 .66 -. 32 
LEA 1.00 .09 .06 -.15 -.09 .59 -.53 .08 
Yield 1.00 .02 .02 -.05 -.03 .04 .03 
BFl 1.00 .33 .35 -.25 .28 -.16 
BF2 1.00 .37 -.40 .42 -.17 
BF3 1.00 -.36 .42 -. 23 
Lean % 1.00 -.91 .15 
Fat % 1.00 -.52 
Bone & skin % 1.00 
^Correlation coefficients >.22 indicate significance at P<.05; correlation 
coefficients >.28 indicate significance at P<.Ol. 
^BF = average backfat, LEA = loineye area, BFl = backfat measured at the first 
thoracic vertebra, BF2 = backfat measured at the last thoracic vertebra, BF3 = 
backfat measured at the last lumbar vertebra. 
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DISCUSSION 
Birth weight was not significantly affected by stress 
classification, although stress positive animals were lighter 
than the other two classes. This generally agrees with the 
results of Carlson (1978), However, 21-day weight and 42-day 
weight were highly signficantly influenced by stress classi­
fication. Vecchionacce (1979) using a portion of the data 
examined here failed to detect a significant difference among 
the three stress groups in 21-day weight. Carlson (1978) 
failed to show a significant difference between positive and 
negative groups in 56-day weight. 
Average daily gain, feed efficiency, and feed consumption 
were not significantly different among stress classes. But 
PSS-susceptible animals consumed less feed, grew slightly 
faster and required less feed per kg of gain. Similar re­
sults were reported by Christian (1974), Carlson (1978) and 
Vecchionacce (1979). But they along with Eikelenboom and 
Minkema (1974), Eldik (1975), and Verstegen et al. (1976) 
all reported average daily gain and feed consumption to be 
slightly higher in PSS-negative animals. However, the dif­
ferences were not significant. 
Differences in muscle pH taken 45 minutes after slaughter 
were highly significant among all of the three stress groups. 
PSS-positive group produced the lowest values and carrier 
pigs intermediate values. Similar results were reported by 
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Topel et al. (1968), Campion and Topel (1975), Elizondo et 
al. (1976, 1977), and Carlson et al. (1980). However, all 
these workers did not consider the carrier nonsusceptible • 
group. 
Color reflectance was different among the three stress 
classifications (P<.Ol). Again, the mean of the carrier 
group was intermediate, which agrees with the observations 
of Elizondo et al. (1976, 1977) and Vecchionacce (1979). 
Most other investigations have also found the PSS animals 
to differ in muscle color from control animals (Topel et al., 
1968; Schmidt et al., 1970; Dildey et al., 1970; Merkel, 1971; 
Martin and Fredeen, 1974; Martin et al., 1975; Campion and 
Topel, 1975; Watson, 1976; Carlson et al. (1980). 
Light transmittance was highly significantly influenced 
by stress classification. Susceptible pigs produced car­
casses with the highest values. Once more, carrier animals 
took an intermediate position. The same was observed by 
Vecchionacce (1979). Merkel (l97l). Judge.et al. (1973), 
Martin and Fredeen (1974) and Carlson et al. (1980) observed 
PSS-positive pigs had carcasses with higher values of light 
transmittancy when compared with control animals. 
Highly significant differences between PSS-resistant 
and PSS-susceptible groups were found for CPK measurements, 
both Sigma and Antonik methods. These results coincide with 
the reports of Schmidt et al. (1969), Allen et al. (1970), 
Wool et al. (1970), Reddy et al. (1971), Christian (1972), 
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Vecchionacce (1979), and Carlson et al. (1980). Also, 
significant differences were detected between PSS-susceptible 
and carrier groups for CPK measurements. Although no sig­
nificant differences between carrier and normal noncarrier 
groups for CPK trait (either Sigma or Antonik methods) were 
found, carrier animals again assumed an intermediate position. 
Significant differences were found between PSS-resistant 
and PSS-susceptible animals for loineye area. This agrees 
with the results of Elizondo et al. (1975) and Carlson et al. 
(1980). However, Vecchionacce (1979) failed in finding sig­
nificant differences for loineye area means. 
Average backfat was significantly different between the 
carrier and PSS-susceptible groups. This disagrees with the 
results of Elizondo et al. (1975), Vecchionacce (1979), and 
Carlson et al. (1980), in that in the present study positive 
animals had higher backfat values. 
There were significant differences among stress groups 
for yield (P<.Ol), skin , tendon and bone percentage (P<. 01), and 
lean percentage (P<.05). Other quantitative carcass traits 
had no significant differences but PSS-positive animals had 
the lowest values for lOth rib fat (2 seasons), length, and 
fat percentage. These results generally agree with the ob­
servations of Topel et al. (1957), Berry et al. (1970), 
Dildey et al. (1970), Verstegen et al. (1975), and Webb 
and Jordan (1977). Carrier animais were interposed between 
PSS-susceptible and noncarrier normal group for yield. This 
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agrees with observations of Vecchionacce (1979). 
The results with respect to sex showed gilts to have less 
fat, larger loineye area and be longer than barrows. Gen­
erally, these results agree with the observations of Eikelen-
boom and Minkema (1974), Vecchionacce (1979), and Carlson 
et al. (1980). 
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CONCLUSIONS 
The results of this investigation suggest the following 
conclusions: 
1. PSS-positive animals are significantly lighter in 
weight than either normal and carrier animals at 
21 and 42 days of age. Differences among the three 
groups are of smaller magnitude for birth but in 
the same direction. The carrier appears to be lo­
cated in an intermediate position between negative 
and positive groups. 
2. Although PSS-positive pigs did not differ signifi­
cantly from the normal groups in post-weaning per­
formance, they did consume less feed, gain slightly 
more fast, and required less feed per kg of gain. 
More sensitive experiments need to be conducted on 
these traits, especially comparing the performance 
of carrier animals relative to noncarrier animals. 
3. PSS-susceptible animals are significantly lower in 
muscle pH taken 45 minutes after slaughter than the 
normal carrier and noncarrier. The carrier group 
is intermediate for this trait. 
4. PSS-positive pigs produced carcasses with signifi­
cantly higher light reflectance of the M. lonaissimus 
than nonstress animals. Carrier animals differed 
significantly from the other two groups and were 
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intermediate between them. 
Meat quality as measured by light transmittancy 
was significantly lower for PSS-susceptible pigs. 
Carrier animals held an intermediate position be­
tween the PSS group and normal noncarriers. 
PSS-positive pigs produce significantly higher serum 
CPK values, determined by two methods (Sigma and 
Antonik), following transportation stress. Although 
carrier animals tend to produce values higher than 
noncarrier normal group, the differences are not of 
sufficient magnitude to be useful in separating 
animals into two groups. 
Stress-susceptible animals produce carcasses with 
significantly greater loineye area than resistant 
noncarrier animals. Surprisingly, PSS-positive 
pigs had the highest average backfat values. How­
ever, they had the lowest mean for fat percentage 
and the highest for lean percentage along with the 
highest mean for loineye area, indicating the 
greater muscularity of those animals. The higher 
backfat readings relative to the controls in this 
study may have resulted from the higher weight end-
point used in this study compared to that used in 
earlier investigations. 
The intermediate nature of the carrier animal ob­
served for several traits in this study provides 
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evidence that the normal gene is not totally 
dominant over the PSS gene. It is possible that 
preferential selection has been given to carrier 
animals, hence increasing the frequency of this 
stress gene. It is vital that techniques to identi­
fy the carrier state be developed for use in over 
problem herds so the frequency of the PSS problem 
can be reduced or eliminated from the swine 
population. 
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Table 11. Mean squares from 
formance traits 
analysis of variance of per-
Traits 
Source d.f. 
Birth 
weight 
21-day 
weight 
42-day 
weight 
Sex 1 .058 .026 .33 
Stress 
classification 2 .075 10.77** 78.80** 
Year-season 3 .093 8.21** 68.63** 
Sex X SC 2 .064 2.18 .70 
Remainder 210 .047 1.56 5.23 
**Significance at P < .01 level. 
Table 12. Mean squares from analysis of variance of feed 
traits 
Traits 
Source d.f. FE FC 
Sex 4 .13 .24 
Stress classification 2 .22 .22 
Year-season 3 2.46 l.Ol 
Initial weight regression 1 .13 1.96 
Final weight regression 1 .71 .40 
Remainder 138 .ll .08 
68 
Table 13. Mean squares from analysis of variance for average 
daily gain 
Source d. f. ADG 
Sex 1 24975.00 
Stress classification 2 3999.13 
Year-season 3 42696.83** 
Sex X SC 2 2098.06 
Initial weight regression 1 101940.56 
Final weight regression 1 481876.99** 
Remainder 209 6130.16** 
**Significance at P < .01 level. 
Table 14. Mean squares from analysis of variance for qualitative carcass traits 
Traits 
Source d. f. PH 
Color 
reflectance 
Light 
transmittancy 
Sigma 
CPK 
Antonik 
CPK 
Sex 1 .029 9.130 299.16 .02 • .43* 
Stress 
classification 2 2.742 386.765** 22480.27** 4.00** • 2.30** 
Year-season 3 .058 238.412** 5532.78** .75** .58** 
Sex X SC 2 .016 3.799 227.19 .01 .12 
Remainder 210 .056 19.640 387.77 .08 .12 
*Significance at P < .05 level. 
**Significance at P < .01 level. 
Table 15. Mean squares from analysis of variance for quantitative carcass traits 
Traits 
Source d. f. Length Backfat lOth ribfat Loineye area Yield 
Sex 1 5.88 3.69** 15.75** 391.00** 1.03 
Stress 
classification 2 4.95 .49 .88 174.22** 12.21** 
Year-season 3 91.23** .23 .18 1584.82** 23.31** 
Sex X CX 2 7.23 .14 .085 17.25 2.04 
Final weight 
regression 1 .002 .31 .24 30.45 7.84 
Remainder 157 3.55 .21 .39 29.82 2.62 
**Significance at P < .01 level. 
